Introduction
Optical fiber network that can transmit a vast amount of information has a vital role in increasing the capacity of telecommunication system. For the high-density wavelength-division multiplexing lightwave systems, various optical functional devices are required. Tunable filter based on grating device has an important role. Filter, which consists of fiber Bragg grating (FBG) and heater for tunable phase shift is attractive. Several functionalities have been demonstrated using thin film heater deposited onto the fiber grating [1, 2] . In this study, a new micro-heater array prepared by the micromachining is proposed for tuning the Bragg wavelength λ B with controlled peak width.
Device Concept
The Bragg wavelength is expressed by λ B =2n eff Λ, where n eff and Λ are the effective refractive index and the grating pitch, respectively. The conventional FBG has a fixed value of λ B. The tuning of λ B can be realized by changing n eff or Λ. Varieties of methods have been tried for tuning the Bragg wavelength [1] [2] [3] [4] [5] [6] [7] [8] [9] . In this proposed method, λ B is tuned by changing n eff . The refractive index of a material increases with the temperature. If the temperature distribution along the fiber is controlled, the value of n eff can be changed and hence λ B will be actively tuned. For this aim, a device of the micro-heater array is designed and fabricated. The device is a series connection of micro-heaters. Figure 1 shows a schematic drawing of the FBG mounted on the hater array for tuning. When the current I drive flows in the device, the heater power Q= R I drive 2 is generated. For the series connection, the value of I drive is same. When the resistivity R of the heater array is mapped out in a controlled manner along its length, the temperature distribution is also changed accordingly. The value of R is changed designing the heater pattern with different widths. Shapes of the poly-Si heater are shown in Fig. 1 . Figure 2 shows fabrication sequence of the micro-heater array. Poly-Si is used as a heater material. The heater array is covered with low stress SiN films. This Si structure is released by the Xe 2 F 2 gas etching. The suspended structure is advantageous for accumulating the heat and increasing the temperature. The fiber is set in contact with this array structure. Figure 3 shows SEM image of the fabricated micro-heater arrays. Each heater array is 15.9 mm in length. Figure 4 shows the transmission spectra measured at different driving power of the micro-heater array. The light source is a super luminescent diode. With the increasing heater power, the peak of λ B shifts to a longer wavelength. The Bragg wavelength and the peak width (full-width at half maximum) are approximately 1555.6 and 0.25 nm, respectively at 0 mW. This shift reaches 0.68 nm at the driving power of 360 mW. Figure 5 shows the Bragg wavelength and its peak width as a function of the driving power of the micro-heater array. Figure 5 (a) shows the results when the heater widths are designed from 39 to 31 µm with the step difference of 1 µm along the array. This array generates the temperature distribution along the fiber length and hence the effective refractive index is controlled having the gradient. With the wavelength shift, the peak width also increases. In the case of Fig. 5 (b) , the heater array has the same width of 40 µm. This design generates the constant temperature along its length. Due to this reason, the peak width is not changed, even though the wavelength is shifted with the increasing power.
Results

Conclusions
A micro-heater array device is fabricated by the conventional micromachining. Performance of the heater array is investigated. At power of 360 mW, a wavelength shift of 0.68 nm is obtained. The peak width of the Bragg wavelength is controlled by the geometry of the heater array. 
